INTRODUCTION
Over the years, herbal products have been used in various civilizations of the world for the cure of human ailments. Advocates of herbal therapies say that these products are safe and efficacious due to long empirical usage and natural origin [1] . In Pakistan, the practice of traditional medicine is in the form of hikmath and homeopathy, which is regulated by the Federal Government through Unani, Ayurvedic and Homeopathic (UAH) Practitioners Act, 1965; the National Council of Tibb and National Council for Homeopathy were established as corporate bodies under section 3 of the Act to promote and popularize the traditional system of medication [2] . Pakistan's Ministry of Health (MOH) estimates that there are 39,584 registered hakims and 82,375 homeopathic practitioners in various rural and urban areas of the country. A large segment of population has benefited from these therapies due to low cost and easy access [3] [4] .
Although phytomedicines are often claimed to be beneficial and free of side effects, there have been reports of acute and chronic toxicity resulting from their use. The World Health Organization (WHO) recommends that herbal products should be evaluated for efficacy, potency as well as safety to protect public health. One of the leading causes of toxicity of herbal medicines is the presence of toxic heavy metals [5] [6] . The plants imbibe toxic metals in various ways including the environment they grow in, contaminated water, agricultural expedients, storage environment and manufacturing processes [7] . The purpose of this study was to evaluate the heavy metals contents of some selected herbal products available in the Pakistani market.
EXPERIMENTAL

Materials
Nitric acid and perchloric acid (both from Sigma), deionizer (Elga, B 114), Whatman 42 filter paper, glass ware, hot plate (Lab Tech), and atomic absorption spectrometer (Parkin Elmer AAnalyst 700).
Collection of herbal samples
The herbal products were purchased from a local market in the district of Swabi, Pakistan. Selection of the products used was based on the popularity of the products among the general public and the reputation of the manufacturers. The list of the twenty-five herbal products selected is given in Table 1 .
Prevention of contamination
Standard experimental conditions were followed through out the analysis. In order to prevent contamination, all the glassware were soaked in chromic acid for 24 h and thoroughly washed with deionized water and/or distilled water. They were then dried in an oven at 60 0 C and stored in dust free environment without touching their interior.
Sample preparation
Twenty five commercial herbal products of various brands were analyzed for their toxic metal concentrations. They were available in both solid and liquid dosage forms. For solid formulations, 1 g of the powdered sample was taken in a flask, 10 ml of concentrated nitric acid (67 %) was added and kept at room temperature for 24 h in a fume hood. Perchloric acid (4 ml) was added to the sample and concentrated on a hot plate at 60 0 C until a suspension of approximately 1 ml was left in the flask. The residue was cooled, diluted with deionized water up to 50 ml and filtered through Whattman filter paper no. 42. Sufficient deionized water was added to make the volume up to 100 ml (stock solution) [8] and was kept in a transparent bottle until analyzed by atomic absorption spectrometer (AAS) for various heavy metals with the results expressed in parts per million (ppm). AAS operating parameters are as shown in Table 2 . For liquid dosage forms, 1 ml of the liquid sample was taken in a 100 ml flask and made up to 100 ml with deionized water [9] . For viscous suspensions, a few drops of nitric acid (65 %) were added to digest the particles, In either case, the solution was filtered, processed and analyzed as described above for solid dosage forms.
Statistical analysis
Data are expressed as mean ± SEM (n = 3) and were analyzed using GraphPad, San Diego, CA, USA)
RESULTS
The concentration levels of the various metals in the products are summarized in Table 3 . Almost all the samples exceeded the permissible limit for lead (5 ppm). In the case of cadmium, 17 products (i.e., 68 %) exceeded the permissible limit (0.5 ppm). Chromium was found in 96 % of the samples to have exceeded the permissible limit (30-35 ppm) while nickel concentration exceeded the permissible limit (1.5ppm) in all the samples. Manganese, zinc and iron were found within permissible limits in all the herbal products. The highest Pb concentration was found in Banafsha 
DISCUSSION
To appreciate the implications of the findings of this study, the recommended daily limits of some of the more significant metals are shown in Table 4 while the hypothetical intake of the metals by patients who consume the herbal products has been computed and listed in Table 5 . 
Lead
Lead is one of the most toxic among toxic heavy metals. It enters the human body in various ways including inhalation, drinking water, ingestion of food polluted with lead and absorption by skin. It accumulates in the body has no known useful biological function [10] . It has adverse effects on various body systems such as the reproductive, renal, digestive, cardiovascular and immunological systems [11] .
The concentration of lead in the tested products was in the range of 4.6 ─ 46.4 ppm. The recommended limit for finished herbal products is 5 ppm while for crude herbal materials, it is 10 ppm [12] . Since our study was conducted on finished herbal products, we consider the 5 ppm as the applicable limit. Thus, only one product out of the twenty five assessed had lead concentration below the recommended limit. It is clear, therefore, that these products are potentially toxic to man. Incidentally, all these products are very popular among the people and adult and children chronically use some of them such as Sharbate foulad and Colic. There is a large body of data on the adverse effect of lead in herbal formulations human health [13] . The daily consumption of lead, based on the recommended dose of the products, was computed and is shown in Table 5 . The recommended daily consumption of lead is 20 -514 µg/day [14] . Based on this limit, 19 out of the 25 products exceeded the permissible limit. The highest daily consumption of lead was found for Banafsha (2784 µg/day), followed by Arq-e-badian (2312 µg/day) and Arq-Mako (2032 µg/day). The consumption of the metals is directly proportional to the dose of the products.
Cadmium
Cadmium is a toxic metal of occupational and environmental concern. Cadmium exposure leads to a variety of adverse effects due to its extremely long biological half-life. The rate of cadmium transfer from soil to plants is very high and the metal is considered to be have carcinogenic effects on liver, pancreas and stomach [15] . Its recommended concentration in plant is 3 ppm while for finished plant products, it is 0.5 ppm [12] . The computed daily intake of cadmium due to the consumption of these products is given in Table 4 . The recommended consumption of cadmium is 70 µg/day [14] . Based on this, 17 products out of 25 exceeded the permissible limit. The highest Cd consumption are: Arq-ebadian (576 µg/day) followed by Demaghoon and Arq-Mako (414 µg/day), and Banafsha (408 µg/day).
Chromium
Chromium is exists in two ionic forms, trivalent and hexavelent, the latter being toxic and is correlated to human carcinogenesis and acute toxicity of aquatic organisms [16] ; on the other hand, its reduced form (trivalent) is an essential element for animals. The concentration of chromium was in the range of 86 -154.2 ppm. There is no recommended limit for chromium in herbal finished products. Its daily intake for these products is shown in Table 4 . The highest consumption was observed for Arq-e-badian (11712 µg/day) followed by Arq-Mako (11416 µg/day). The recommended limit of chromium is 11 -25 µg/day for children and 30 -35 µg/day for adults [17, 18] . Only one product had chromium concentration below the recommended limit. Such a high concentrations could be toxic due to the chronic use of some of the tested products. Copper
Copper has both beneficial and toxic effects depending on its level of consumption. Monitoring of copper limit is essential as it is beneficial in low concentrations but exhibit various toxic effects above the safety limit. In this study, copper was found in the in the products in the concentration range of 0.1 -18 ppm. The calculated daily consumption of copper for the products is shown in Table 4 . The recommended consumption of copper is 900 and 340 -400 µg/day for adult and for child, respectively [17, 18] . Thus, all the tested products were safe with regard to copper content.
Nickel
Nickel is abundant in nature. Possible exposure sources of nickel are food, drinking water, absorption by contact and inhalation in nickel-polluted area [19] . Ingestion of large amounts of nickel affects stomach, liver, kidneys, immune system and reproduction in rats and mice [19] . The most common toxic effect is dermatitis while lung cancer has also been reported in some studies [19] . Nickel was found in a concentration range of 1.2 -56.3 ppm as shown in Table 3 . The highest concentration was found in Pathri tore tab (56.3 ppm), followed by Bazori (14.9 ppm), Banafsha (738 ppm). The daily intake of nickel by patients, calculated on the basis of the products' recommended doses is shown in Table 5 . The recommended consumption limit of nickel is 35 µg/day [20] . Therefore, the highest consumption of the metal would occur for Arq-e-badian (896 µg/day), followed by Bazori (894 µg/day) and Banafsha (738 µg/day). Thus, almost all the tested samples exceeded the daily allowed limit for nickel.
Other metals
The contents of Mn, Zn and Fe in the tested products were within their permissible limits, as shown in Table 3 ; they did not exceed the daily consumption limits of these metals.
CONCLUSION
Among the tested herbal products, the levels of lead, cadmium, chromium and nickel exceeded recommended limits. Based on the results, it is strongly recommend to that regulatory authorities should make and enforce regulations for pre-marketing safety studies on herbal products in order to protect the health of the public. Like conventional drugs, herbal products should be subjected to adequate quality control requirements, such as those recommended by WHO, to ensure their efficacy, potency and safety.
